 Straw burning has become a serious risk for environment and security. It is very urgent to develop and research materials to utilize straws. The compatibility between straw and portland cement is a problem to be resolved for application of straw fiber in cement-based materials. In the experiment, samples of cement-based composites with untreated straw fiber and pretreated straw fiber were prepared and mechanical properties of specimens were tested. The compatibility between straw fiber and portland cement can be improved through pretreatment process that consists of dipping straw fiber in 4% NaOH solution for 12 hours, then rinsing and drying. In this process, substances in fiber harmful to cement hydration are leached furthest. The negative influences of straw fiber on setting and hardening of cement paste are eliminated. The pretreatment can optimize the mechanical properties of the composite. The strength of composite is not linearly relative to cement-to-water ratio, instead, there exists an optimal water-to-cement ratio, i.e. 0.60. The strength of cement-based straw fiber composite prepared in this ratio reaches maximum.
INTRODUCTION
China is a large agricultural country with major population in rural areas. Many rural buildings are brick-concrete structures and low-rise residences, and wall materials making up 70% of building materials are common sintered clay bricks. Because of the production of common sintered clay bricks, the farmlands are destroyed more than 300 square kilometers each year [1] . The government calls on everywhere to focus on the energy-efficient buildings. It is very important to find out a kind of energy-saving wall material. There are wide crop planting areas in China generated 820 million tons of straws and annual increment at a rate of 12 million tons. The amount of straws consists of 15.2% of wheat straw and 27.5% of rice straw [2] . A quantity of straws are burned rather than utilized effectively, especially in some pauperized and underdeveloped areas. Thus, straw burning has become a serious risk for environment and security [3] [4] [5] [6] . It is very urgent for China to develop and research materials to utilize straws. Many scholars have paid attention to this project, the key problem is to research the compatibility of cement paste and straw [7] [8] . The hemicellulose and other constituents of the straws can decompose into sugars in alkaline environment, then the constituents would prevent the cement from setting and hardening. The strength of cement-based composites with straw can not be built up because of the incompatibility between them. This paper deals with the problem of compatibility of cement paste and wheat straw fiber.
EXPERIMENTAL

Material.
1) Portland cement: Ordinary Portland Cement (grade 42.5 MPa) with 28d compressive strength 53.6 MPa and specific surface area 364 m 2 /kg. 2) Straw fiber made of wheat straw from suburb of Kaifeng city, Henan province. The chemical compositions of straw fiber are listed in Table 1. 3) Dipper (alkaline) containing 99.0% of NaOH.
Method.
The pretreatment process consists of dipping in lye and rinsing in fresh water. In dipping process, straw fiber was dipped in lye (NaOH solution) in different concentration for 12 hours to find out suitable concentration of the lye. Then the straw fiber was dipped in 4% NaOH solution for 2, 4, 6, 8, 10, 12, 24 and 48 hours to search suitable dipping time. In each experiment, mass variation of straw fiber was measured according to Eq. 1. 
where, m-mass variation (%) of straw fiber; M 0 -dry mass (g) of straw fiber before pretreatment; M 1 -dry mass (g) of straw fiber after pretreatment.
Samples of cement-based composites with untreated straw fiber and pretreated straw fiber were prepared in various water-to-cement ratios (w/c) and different dosage of fibers for testing their mechanical properties such as 7d and 28d strength in conformity to standard GB/T 17671-1999 (idt ISO 679:1989) [9] .
RESULTS AND DISCUSSION
Determination of Pretreatment Process for Straw Fiber.
Straw fiber was dipped in lye (NaOH solution) in different concentration for 12 hours; after rinsing process, the mass variation (m) of straw fiber measured is shown in Fig. 1 . Fig. 1 shows that the mass of straw fiber decreases obviously when the concentration of NaOH solution is 1~4%, then the mass of straw fiber varies slowly when the concentration of NaOH solution is over 4%. So, 4% is the optimal value of NaOH concentration for dipping process of straw fiber. The NaOH solution can break cuticle in straw fiber surface to allow the lye invade into straw fiber easily. The hemicelluloses can be hydrolyzed in alkaline solution into monosaccharides. After rinsing process, the negative influence of straw fiber can be eliminated.
In subsequent experiment, the straw fiber was dipped in 4% NaOH solution for different time length. After rinsing process, the mass variation of straw fiber is measured as shown in Fig. 2 . 2 shows that, during pretreatment, the mass of straw fiber decreased as dipping time elapsed. When dipping time elapsed 0~8 hours, the mass of straw fiber decreased quickly, the mass-loss rate reached 88.3% of the complete loss at 8 h. The straw fiber decomposed into a large number of hemicelluloses and other constituents in dipping process. During 8~12 hours in dipping process, the mass of straw fiber continued decreasing but very slowly, the mass-loss rate reached 94.7% of the complete loss at 12 h; after 12 hours, the mass lost very few. So, Time length for dipping process of straw fiber can be determined to 12 hours. Therefore, the optimal parameters for dipping process of pretreatment of straw fiber were determined to dip in 4% NaOH solution for 12 hours. Then the compatibility is nice in this situation.
Effect of Alkalizing on Compatibility of Wheat Straw and Portland Cement.
The samples of cement-based straw fiber composites were prepared with pretreated (Group B) and untreated (Group A) straw fibers in w/c=0.60 and different mass ratios of straw fiber to cement (s/c) as listed in Table 2 . Straw fiber for samples of Group B was dipped in 4% NaOH solution for 12 hours, then rinsed and dried. The mechanical properties of the cement-based straw fiber composites were tested and the results are shown in Fig. 3 . Fig. 3 shows that the mechanical properties of composite with straw fiber pretreated in 4% NaOH solution for 12 hours is superior to that of untreated straw fiber. The composite with untreated straw fiber had no strength at 7 d because the straw fiber released harmful substances to prevent cement from setting. The mechanical properties of the composite with pretreated straw fiber reached double even triplicate times of the one with untreated straw fiber in the gross at 28 d.
After pretreatment, the wax layer and the siliceous granules of straw fiber were eroded, and the surface of the straw fiber became coarse and formed a large number of irregular holes. A lot of sugars, inorganic salt and many other substances were released out; part of the lipid compounds in the surface hydrolyzed and the stratum corneum was broken. On the other hand, with the enhancement of the roughness, the friction between cement paste and the straw fiber increased. Because a large number of monosaccharides were released and rinsed out, so that only a few monosaccharides which scrambled for calcium ion could be dissolved in water. The hydration reaction of portland cement could persist when calcium hydroxide solution can be in saturated condition.
Effect of w/c on Strength of Composites.
The straw fiber was pretreated in method of dipping in the 4% NaOH solution for 12 hours, then rinsing and drying. Samples of Group C were prepared in s/c=0.15 and in different w/c to find out the suitable w/c. The mix proportions of the composites were listed in Table 3 . The mechanical properties of the cement-based straw fiber composites were tested and the results are shown in Fig. 4 . Fig.4 shows that when w/c=0.60, both flexural strength and compressive strength are maximum. This is to say that the suitable water-to-cement ratio is 0.60 in mix design for cement-based straw fiber composites.
The water absorption of straw fiber is bigger than the water requirement of cement. When w/c is smaller, the straw fiber absorbs the water preferentially, so that the cement can not hydrate adequately, then the mechanical properties of the composites are poor relatively. Meanwhile, the straw fiber is easy to absorb the water to result in agglomeration of the straw fiber, which further forms weaker parts for the mechanical property. Therefore, both flexural strength and the compressive strength of the composites are weakened as well.
When w/c is more than 0.60, the straw fiber is saturated of water, then excess water enters into cement paste to increase effective w/c of the paste and result in more and more pores. Hence the strength of cement paste decreases thus the strength of the composites reduces. Furthermore, the straw fiber is in the condition of water swelling at composite curing stage, the expansion of straw fiber breaks the paste structure to a certain extent. This also causes the decrease of composite strength.
When w/c=0.60, the straw fiber can not form agglomeration easily but disperse uniformly in the cement paste, the water absorbed by straw fiber can supply as curing water for hydration of cement. The setting and hardening of cement can be executed so that the mechanical properties of composite are much more excellent.
CONCLUSION
1) The early strength of the composite with untreated straw fiber is not available because a great amount of harmful substances such as monosaccharides can be released from untreated straw fiber and will prevent cement paste from setting.
2) The suitable process to pretreat straw fiber can be determined to dip straw fiber in 4% NaOH solution for 12 hours, then rinse and dry it. Thus substances in fiber harmful to cement hydration are leached furthest. The negative influences of straw fiber on setting and hardening of cement are eliminated.
3) The strength of the composite can be improved obviously after above process of pretreatment. Good compatibility between straw fiber and portland cement can be obtained in preparation of the composite after pretreatment of straw fiber.
4) Both flexural strength and compressive strength of cement-based composite decrease with increasing dosage of straw fiber because of increment of pores caused by straw fiber.
5) The strength of cement-based straw fiber composite is not linearly relative to cement-to-water ratio because influences of straw fiber. Instead, there exists an optimal w/c=0.60 in which cement-based straw fiber composite prepared reaches maximum strength.
